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(g) Dynamically balanced, differential gas adsorption apparatus. 



An apparatus and method are disclosed for 
obtaining adsorption data to be used for sur- 
face area and pore volume analysis. The ap- 
paratus and method utilize the differential 
pressures between a pair of dosing systems to 
indicate the amount of gas adsorbed by a 
sample. The system doses a sample chamber 
and a null chamber from essentially equal 
volumes of gas, and causes the chambers to be 
dosed such that any pressure difference be- 
tween them, caused by adsorption, is elimi- 
nated. The resulting differential pressure 
between the essentially equal volumes of gas 
then indicates the amount of gas adsorbed by 
the sample. The system may be operated to 
dose in equilibrated increments or in a scan- 
ning mode in which adsorbate gas is continu- 
ously leaked into the sample chamber. A 
feedback circuit then controls dosing into the 
null chamber to eliminate the pressure differ- 
ence caused by adsorption onto the sample 
surface. A differential pressure transducer con- 
necting the volumes from which the gas is 
released then indicates the amount of gas 
adsorbed. 
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Technical Field 

The present invention relates to an apparatus and 
method for obtaining adsorption data, and more par- 
ticularly relates to an apparatus and method for using 
the differential pressures between a pair of dosing 
systems, one including a sample chamber and the 
other including a null chamber, to indicate the amount 
of gas adsorbed by the sample. 

Background Art 

Powders consisting of nonporous particles as 
well as small, granular, and porous materials of a var- 
iety of types are utilized in huge amounts by modern 
industry. The extent of their surface area and the size 
and magnitude of the pores they contain is of great 
significance in the way powders behave. Some pow- 
dered materials, carbon black, for example, exhibit an 
xtremely high surface area even in small quantities. 
The pores in powdered catalysts, particularly zeolitic 
ones, can be as small as a few angstroms in diameter 
and n ariy all of one size. Carbon black surface area 
p r unit mass is critical in formulating rubber for long- 
lif automobile tires, and zeolite pore size is a deter- 
mining factor in which chemical reaction is promoted 
by a z olite catalyst Other examples of the critical 
importance of surface structure are to be found in the 
rat at which pharmaceutical tablets dissolve, the 
fusion and resulting density of ceramic bodies, and 
the conductance of electrical resistors. 

Surface area is established by following, basi- 
cally, the so-called BET technique (Brunauer.S., 
Emmett, P., and Teller, E., The Adsorption of Gases 
in Multimolecular Layers," J. Am. Chem. Soc. 60, 309- 
19 (1938)), wherein a gas is adsorbed at a constant 
low temperature, ordinarily the temperature of liquid 
nitrogen, on the surface of the solid to an amount des- 
crib d by the well known BET equation as a mono- 
m I cular layer. The size of the gas molecule and the 
amount of gas, hence number of gas molecules, then 
establishes the magnitude of the surface. Mesopore 
and macropore sizes (defined, respectively, as grea- 
ter than 20A and 500A in diameter) and volumes are 
computed from data relating the quantity of gas adsor- 
bed beyond that forming the mono molecular layer and 
the pressure at which the adsorption occurred in con- 
formity with the known BJH calculation procedure 
(Barrett, E., Joyner, L., and Halenda, P., "The Deter- 
mination of Pore Volume and Area Distribution in Por- 
ous Substances - I. Computation from Nitrogen 
Isotherms," J. Am. Chem. Soc. 73, 373-80 (1951)). 

Materials having microporous characteristics 
(pores less than 20A in diameter) are evaluated in the 
same manner as above, that is, the materials are exp- 
osed to increasing amounts of gas and data are col- 
lected relating the quantity of gas adsorbed to the 
prevailing physical conditions. Extraction of material 



physical parameters from the data is in accords e 
with the known interpretation of Langmuir (J. 
Chem. Soc. 38, 2219 et. seq. (1916) and J. ™r,. 
Chem. Soc. 40, 1361 et seq. (1918)), and the conv 
5 putational procedure pioneered by Potanyi (Trans. 
Faraday Soc. 28, 316 et. seq. (1932)), and expanded 
on by others, most notably Dubinin and Astakhov 
(Adv. Chem. Ser. 102, 69 et. seq. (1971). 

By subjecting the powdered sample to incremen- 
10 tally increasing volumes of gas to a point at or 
approaching the saturation pressure of the particular 
gas, an adsorption isotherm may be obtained. 
Reversing the procedure by subjecting the sample to 
incremental reductions in gas pressure, also at a con- 
15 stant temperature, yields a desorption isotherm. The 
volume of gas adsorbed per unit mass of solid 
depends on the equilibrium pressure of the gas, the 
absolute temperature, and the nature of the gas and 
solid. An adsorption isotherm is a plot at constant tem- 
20 perature of the gas adsorbed per unit mass of solid 
versus the relative pressure P/P^ where P 0 is the 
saturation vapor pressure of the adsorbate gas. Thus, 
any device designed to measure surface area or pore 
volume data must be able to accurately determine the 
25 quantity of gas adsorbed. 

Several instruments have been developed for 
measuring adsorption. In volumetric instruments, 
such as disclosed in U.S. Patent No. 3,850,040 and 
U.S. Patent No. 4,566,326, the sample is dosed with 
30 discrete amounts of an adsorbate gas from a manifold 
of known volume and pressure. The resulting press- 
ure in the combined volume of the manifold and 
sample chamber is measured in order to determine 
how much of the gas is adsorbed by the sample at 
35 selected relative pressures. The volume of the mani- 
fold and of the sample compartment must be known 
very precisely. Thus one disadvantage of this system 
is that the free space, the volume within the sample 
compartment not occupied by the sample, must be 
40 determined precisely, because the volume of the 
sample varies with the quantity of sample that is cho- 
sen for analysis. Free space compensation must take 
into account variations in free space capacity which 
occur as the level of liquid nitrogen coolant surround- 
45 ing the sample drops, changing the temperature pro- 
file along the sample compartment. Another problem 
with the volumetric system is that compensation must 
be made for the non-ideal behavior of the adsorbate 
gas. Also, the accuracy of the system depends upon 
so absolute pressure transducers having a relatively 
wide pressure range. The manner of use of such 
transducers to determine gas volumes adsorbed 
requires determining the differences between two 
closely spaced pr ssures, causing effective errors 
55 and noise to increase significantly. Thus, expensive 
transducers with very tight noise, linearity, and error 
sp cifications must be used. Finally, the dosing sequ- 
ence is t dious and lengthy. 
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In flowing gas sorption analyzers, such as dis- 
closed in U.S. Patent No. 2,960,870 and U.S. Patent 
No. 3,555,912, a mixture of adsorbate and non- 
adsorbing gases, such as nitrogen and helium, are 
continuously passed over the sample. The relative 5 
proportions of the two gases in the stream are altered 
in order to change their relative pressures as they 
pass over the sample, which alters the amount of the 
adsorbate that will be adsorbed by the sample. Ther- 
mal conductivity detectors are placed before and after 10 
the sample to measure the change in composition of 
the gas stream caused by the sample, and thereby to 
obtain an indication of adsorption by the sample. One 
disadvantage of the flowing gas system is that the 
mixing of helium with the adsorbate limits the rate at 15 
which the adsorbate can be delivered to the sample 
for adsorption, and therefore slows the analysis. Also, 
measurements are taken at only one relative pressure 
of the adsorbate, with the mixture at atmospheric 
pressure, and the detectors are at room temperature. 20 
Therefore, the saturation pressure of the adsorbate 
during the run may vary with ambient conditions and 
is gen rally not accurately known. Finally, samples 
adsorbing large amounts of gas may require as long 
as 25-50 minutes to equilibrate after changes in the 25 
gas mixture, especially at low relative pressures. 

A third prior system, disclosed in U.S. Patent No. 
4,762,010, delivers gas to the sample continuously at 
a rate claimed to be less than the equilibrium rate of 
adsorption with respect to the sample. The gas is 30 
rel ased from a bulb of known volume through a leak 
valv into a sample compartment of known free 
space, and the pressure within the supply bulb and 
the sample compartment are both measured repeti- 
tiv ly. The change in pressure in the bulb provides an 35 
indication of the amount of gas admitted to the sample 
compartment, which together with the change in 
pressure in the sample compartment can be used to 
provid an indication of the amount of gas adsorbed 
by th sample. Points on the adsorption isotherm can 40 
be determined continually. Problems include the slow 
dosing rate, the requirement for accurate knowledge 
of and compensation for the free space, and use of 
wide range absolute pressure transducers, as discus- 
sed above. 45 

Some sorption analyzers have utilized differential 
pressure measurements to measure adsorption 
effects. For example, in the flowing gas analyzers dis- 
cussed above, the difference in relative pressures of 
the two gases is measured by a Wheatstone bridge so 
connecting two thermal conductivity detectors. 

U.S. Patent No. 3,349,625 discloses a gas chemi- 
sorption instrument consisting of two systems of con- 
stant and known volume, each having a reservoir of 
known volume, a sample chamber of known volume, 55 
vaJved tubing between the reservoir and chamber, 
and an absolute pressure measuring device attached 
to each r servoir. A differential pressure-m asuring 



device is connected to measure the difference in 
pressure between the systems. One sample chamber 
contains a chemisorbing sample and the other con- 
tains a non-chemisorbing or physically adsorbing 
sample. The differential pressure at chemisorbing 
conditions is said to indicate the amount of gas chemi- 
sorbed by the chemisorbing sample. 

A surface area measuring device marketed by 
Strohlein GmbH & Co. under the mark "AREA-meter" 
fills sample and comparison vessels of equal volume 
with nitrogen at the same pressure and ambient tem- 
perature. When brought to liquid nitrogen tempera- 
ture, adsorption in the sample vessel creates a 
difference in pressure in the two vessels, which is 
measured on a differential manometer. The amount of 
nitrogen adsorbed by the sample can be calculated 
from the pressure difference and the filling pressure. 
U.S. Patent No. 3,059,478 discloses a sorption sys- 
tem which uses a differential pressure gauge to obtain 
the differential pressure between a sample tube and 
a reference tube which appears to contain a fixed 
amount of nitrogen gas. A manometer system is used 
to supply fixed mass doses of nitrogen to the sample 
tube, and a plot of mass introduced to the sample ver- 
sus the differential pressure is generated. This sys- 
tem relies on being able to deliver a sequence of 
precisely equal doses, and does not overcome all of 
the problems in the art discussed above. 

Thus, there has been a need in the art for a sorp- 
tion analyzer which is capable of providing precise 
data on the volume of gas adsorbed by a sample, is 
not limited in speed by the structure or operation of the 
apparatus, does not rely for accuracy on readings of 
closely spaced pressures by wide range absolute 
pressure transducers, does not require determination 
of or temperature compensation for free space in a 
sample compartment, and does not require compens- 
ation for non-ideal behavior of the adsorbate gas. 

Summary of the Invention 

The present invention solves the above-des- 
cribed problems in the art by providing a method and 
apparatus for sorption analysis which, when optimally 
practised, is limited in dosing speed only by the ability 
of the sample to adsorb the adsorbate gas, uses dif- 
ferential pressure transducers operating within their 
optimal range to obtain adsorption data, can operate 
without a determination of the free space in a sample 
chamber, and is unaffected by non-ideal gas behavior 
or temperature changes of connecting passageways 
resulting from the evaporation of sample chamber 
coolant. The system doses a sample chamber and a 
null chamber from essentially equal volumes of gas, 
and causes the chambers to be dosed such that any 
pressure difference between them, caused by 
adsorption, is eliminated. The differential pressure 
between the essentially equal volumes of gas then 
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indicates the amount of gas adsorb d by the sample. 

Generally described, the present invention pro- 
vides a method and apparatus for obtaining adsorp- 
tion data, by filling a first cavity and a second cavity 
with an adsorbing gas to the same pressure, the tem- 
perature in said first cavity being essentially equal to 
the temperature in said second cavity; admitting the 
gas from the first cavity into a first chamber, admitting 
the gas from the second cavity into a second cham- 
ber, one of the first or second chambers containing a 
sample capable of adsorbing the gas, and the tem- 
perature in said first chamber being essentially equal 
to the temperature in said second chamber, adjusting 
the amount of the gas admitted into the chambers until 
the pressure difference between the chambers is 
essentially eliminated; and measuring the pressure 
difference between the first and second cavities. 

As long as the ratio of the volume of the cavity 
from which gas is dosed into the sample-containing 
chamber to the volume of the sample-containing 
chamber is equal to the ratio of the volume of the other 
cavity to the volume of the other chamber, only the 
volume of the cavity from which gas is dosed into the 
sample-containing chamber need be known accu- 
rately. Preferably, the volumes of the first and second 
cavities are essentially equal, and the volumes of the 
two chambers are essentially equal, to simplify the 
calculations for determining the volume adsorbed. In 
the preferred embodiment, the volumes of the two 
sides of the instrument may be equalized by admitting 
a non-adsorbing gas into the instrument; and adjust- 
ing th volume of either side untfl the pressure differ- 
nce between them is essentially eliminated. More 
particularly described, this is preferably accomplished 
by filling the first and second cavities with a non- 
adsorbing gas to the same pressure; connecting the 
first cavity to the sample chamber and the second 
cavity to the null chamber; and adjusting the volume 
of the null chamber until there is no pressure differ- 
ence b tween the sample chamber and the null cham- 
b r. This balancing procedure may be performed with 
both chambers empty, or with the sample in place. In 
the former case, the effect of sample volume can by 
ignored for very small samples, or can be taken into 
account either by a mathematical free space com- 
pensation or by placing inert, non-adsorbing, glass 
beads or the like in the null chamber. In the latter case, 
the balancing will eliminate any free space error for 
the particular sample being analyzed. 

The temperature within each of the two cavities 
should remain essentially equal to the temperature in 
the other cavity during the analysis, although the tem- 
peratur need not remain precisely constant over 
time. The chambers must be at a temperature at 
which adsorption can occur dig the analysis, which 
typically, as in the case of nitrogen gas, requires 
immersion in a cryogenic bath. The temperature at the 
location of the sample in th sample chamber should 
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remain essentially equal to the corresponding loca- 
tion in the null chamber, and the temperature profiles 
along the two chambers should be th same for accu- 
rate results. Again, the values of the two essentially 
5 equal temperatures at any point along the profiles 
need not remain precisely constant over time. 

The apparatus and method can be operated to 
dose the chambers either continuously or in discrete 
amounts. Data can be obtained for selected target 
10 relative pressures. If dosing is continuous and at a 
rate close to the equilibrium rate of adsorption of the 
sample, an adsorption isotherm can be plotted as the 
analysis proceeds. Single point BET analyses can be 
obtained as fast as the sample can adsorb the adsor- 
bs bate gas. 

In the preferred embodiment, a feedback system 
is used to eliminate the pressure difference between 
the sample and null chambers. Either one of the 
chambers can be dosed with adsorbate gas, either 
20 continuously or incrementally, and the feedback sys- 
tem will automatically dose the other chamber until 
the differential pressure between the chambers is 
zero within the accuracy of the differential pressure 
measuring device. Since the sample is adsorbing part 
25 of the gas admitted into the sample chamber, more 
gas will be required from the first cavity to establish 
zero pressure differential between the chambers. 

The invention can be used to obtain desorption 
data by continuing to admit the gas into the sample 
30 chamber from the first cavity until the sample is essen- 
tially saturated; isolating and evacuating the first and 
second cavities; admitting desorbed gas from one of 
the chambers into its associated cavity; admitting gas 
from the other chamber into the other cavity until the 
35 pressure difference between the sample chamber 
and the null chamber is essentially eliminated; and 
measuring the pressure difference between the first 
and second cavities. 

More particularly described, the invention pro- 
40 vides an apparatus for obtaining adsorption data, 
comprising means for defining a first cavity and a sec- 
ond cavity having essentially equal volumes, the tem- 
perature in said first cavity being essentially equal to 
the temperature in said second cavity; a source of 
45 adsorbing gas; fill valve means for admitting the 
adsorbing gas from the source into the cavities and for 
connecting or isolating the cavities to or from one 
another, a sample chamber containing a sample cap- 
able of adsorbing the adsorbing gas; a sample conduit 
so connecting the first cavity to the sample chamber, the 
sample conduit including a sample dosing valve; a 
null chamber, a null-side conduit connecting the sec- 
ond cavity to the null chamber, the null-side conduit 
including a null-side dosing valve; the sample and null 
55 chambers being selectively positionable in a liquid 
bath at a temperature at which adsorption of the gas 
occurs; a first differential pressure transducer posi- 
tioned to measure the difference in pressure between 
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the first and second cavities; a second differential 
pressure transducer positioned to m asure the differ- 
ence in pressure between the sample chamber and 
the null chamber, an absolute pressure transducer 
positioned to measure the pressure in the sample 
chamber, and means for evacuating the apparatus. 
Preferably, the apparatus also comprises control 
means for operating the evacuating means to 
evacuate the apparatus; operating the fill valve 
means to fill the first and second cavities with the 
adsorbing gas to the same pressure and then to iso- 
late the cavities from one another, operating the 
sample dosing valve to admit the gas into the sample 
chamber, operating the null-side dosing valve to 
admit the gas into the null chamber until the output of 
the second differential pressure transducer is essen- 
tially zero; and reading the output of the first differen- 
tia) pressure transducer. 

The volume adsorbed is related to the output of 
the first differential pressure transducer between the 
cavities as follows: 

V^ m = [PncVnc/Tnc - PscV S c/Tsc]*K 
wh r P NC »s the pressure within the null-side cavity, 
Vnc is the volume of the null-side cavity, T NC is the 
t mperature in the null-side cavity, P S c is the pressure 
within the sample-side cavity, Vsc is the volume of the 
sampl -side cavity, T S c is the temperature in the sam- 
ple-sid cavity, and K is a conversion factor from 
moles of gas to cm 3 at standard temperature and 
pressure (STP). Since the cavities are preferably 
mad to have essentially equal volumes, and their 
temperatures are preferably effectively equal as a 
r suit of their proximity within a block of high thermal 
conductivity, V NC =V SC and T NC =T S c. The temperature 
r lationship could also be maintained with a conven- 
tional automatic temperature control mechanism, 
using a thermostat. Therefore, the volume adsorbed 
can b stated more simply as: 

Vads = (WT) * AP * K 
wh r AP is the differential pressure between the 
caviti s. 

Preliminary testing has indicated that an analyzer 
embodying the invention can conduct an analysis for 
a five point BET isotherm in less than ten minutes, 
whereas the same analysis would have taken about 
one hour using widely accepted conventional equip- 
ment Furthermore, the reproducibility of results 
appears to be about one part in 500, or about 0.2%. 

It should be noted that it may be advantageous to 
determine the residual free space unbalance when 
the highest possible accuracy is sought. The data 
obtained would be mathematically corrected for the 
free space unbalance. It may also be conveni nt to 
provide a non-ideal behavior correction to be used 
when the operator deliberately chooses to run th sys- 
tem unbalanced. Application of the correction would 
be to the unbalanced volum present. 

Thus, it is an object of the present invention to 
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provide an improved apparatus and method for 
obtaining sorption data. 

In one aspect the invention provides an 
apparatus and method for obtaining sorption data that 
5 is not limited in speed by the structure or operation of 
the apparatus or by the slowness of changing gas 
mixtures. 

In another aspect the invention provides an 
apparatus and method for obtaining sorption data that 
10 does not rely for accuracy on readings of closely 
spaced pressures by wide range absolute pressure 
transducers. 

In another aspect the invention provides an 
apparatus and method for obtaining sorption data that 
15 does not, when ideally practiced, require determi- 
nation of or temperature compensation for free space 
in a sample compartment 

In another aspect the invention provides an 
apparatus and method for obtaining sorption data 
20 that when ideally practiced, does not require detec- 
tion and correction for non-ideal behavior of the 
adsorbate gas. 

In another aspect the invention provides an 
apparatus and method for obtaining sorption data 
25 capable of performing single point, multiple point and 
scanning type analyses. 

In another aspect the invention provides an 
apparatus and method for obtaining sorption data 
capable of performing accurate analyses of very low 
30 surface area samples. 

Other objects, features and advantages of the 
present invention will become apparent upon review 
of the following description of embodiments of the 
invention and the appended drawing. 

35 

Brief Descirption of the Drawing 

Fig. 1 is a schematic diagram of a sorption 
analyzer embodying the present invention. 
40 Fig. 2 is a block diagram showing the electronics 

system for controlling the analyzer of Fig. 1. 

Fig. 3 is a schematic diagram showing in detail 
the servo control circuit of Fig. 2. 

Fig. 4 is a schematic diagram showing in detail 
45 the signal conditioning circuit of Fig. 2 for the output 
of the volume adsorbed differential transducer. 

Fig 5 is a logic flow diagram for the routine used 
in connection with balancing the volumes of the two 
sides of the analyzer of Fig. 1 . 
50 Fig 6 is a logic flow diagram for the analysis 

routine utilized in operation of the analyzer of Fig. 1. 

Fig 7 is a logic flow diagram for the subroutine of 
Fig. 6 used to evacuate the system, lower the liquid 
nitrogen D war, and zero the volume adsorbed trans- 
55 ducer. 

Fig 8 is a logic flow diagram for the subroutine of 
Fig. 6 used to dose a sample. 

Fig 9 is a logic flow diagram for the subroutine of 

5 
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Fig. 6 used to terminate analysis. 

Detailed Description 

Referring now to the drawing, in which Ike num- 5 
era Is refer to like parts throughout the several views, 
Fig. 1 shows a schematic representation of a sorption 
analyzer 10 embodying the present invention. The 
parts of the analyzer 1 0 are placed, as far as possible, 
within or directly adjacent to a block 12 formed of a 10 
material of high thermal conductivity, such as alumi- 
num. Furthermore, the lines and passageways to be 
described between such parts are preferably formed 
within the block whenever possible, and when not 
possible or not practical, are formed of stainless steel 15 
tubing. 

Within the block 12, a first cavity 14 and a second 
cavity 16 are defined in close proximity to one 
another, preferably by boring with a precision drill into 
the block. The cavities 14 and 16, with the passage- 20 
ways which connect them to nearby valves, are pref- 
erably formed to have equal volumes to a high degree 
of accuracy, for reasons to be explained below. It has 
be n found that a useful range of samples may be 
analyzed effeciently if each of the cavities is about 25 
125-150 cm 3 in volume, although the cavity size may 
be varied as desired. The cavities and gas within them 
stay at essentially equal temperature as a result of the 
proximity of the cavities and the high thermal conduc- 
tivity of the block 12. 30 

One side of a cavity differential pressure trans- 
ducer 17 is connected to the first cavity 14 by a line 
18 and the other side of the transducer 17 is connec- 
t d by a line 19 to the second cavity 16. Thus, the 
transducer 1 7 provides an output signal representing 35 
th difference in pressure between the cavities 14 and 
16. The cavity differential pressure transducer 17 
pref rably has a range of about -50 to 1000 mmHg 
pressure difference, accurate to within 0.5% of read- 
ing after zeroing, as it has been found appropriate to 40 
indicate negative readings to about -5% of full scale. 
Noise and stability levels should permit resolution to 
one part in 20,000 of full scale using a 1/2 second inte- 
gration interval. A variable reluctance differential 
transducer suitable for the purpose is Model DP-290- 45 
1000, manufactured by Validyne Incorporated. 

A removable sample chamber or tube 20 is con- 
nected to the first cavity 14 by a line 22, which termi- 
nates in a standard Cajon type connector 23 using a 
polybutadiene nitrile rubber (Buna-N) O-ring (not so 
shown). A sample 21, such as a powder, may be 
placed in the sample tube 20 after preparation as des- 
cribed below. A replaceable 2-1 0 micron frit 24 is pro- 
vided at the end of the line 22 to protect the instrument 
from possible entry of particulate from the sample 55 
tube. In parallel to the sample side, a removable null 
chamb r or tube 25 is connected to the second cavity 
16 by a line 27, which t rminates in a frit 24 and 



another connector 23. The null tube 27 is normally 
empty during analysis, or may contain inert material 
for volume adjustment as described below. The 
sample and null tubes are preferably formed of glass 
to have equal volumes within 0.05 cm 3 . 

A sample dosing valve 30 is connected to control 
flow of gas along the line 22 between the first cavity 
14 and the sample tube 20. A line segment 22a con- 
nects the valve 30 to the first cavity 1 4, and a line seg- 
ment 22b connects the valve 30 to the sample tube 
20. A similar null-side dosing valve 35 is connected to 
the second cavity 16 and to the null tube 25 by line 
segments 27a and 27b, respectively. The dosing val- 
ves 30 and 35 are preferably commercially available 
electromagnetic or piezoelectric variable flow control 
valves having a leak rate against helium atone atmos- 
phere of less than 6 x 10~ 7 SCCM per minute. While 
being variable in a continuous analog manner within 
their flow range, they preferably should be fully closed 
with 0 volts applied, just cracked open at half the 
maximum voltage, and open to permit a flow of at least 
20 SCCM per minute at maximum voltage. Both sides 
of each of the dosing valves 30 and 35 are protected 
against particulate contamination by 2 -micron frits 31 . 

A chamber differential pressure transducer 40 is 
connected to measure the difference in pressure be- 
tween the sample tube (and associated lines) and the 
null tube (and associated lines). A line 41 connects 
one side of the transducer 40 to the line segment 22b, 
and a line 42 connects the other side of the transducer 
to the line segment 27b. The chamber differential 
pressure transducer 40 preferably has a range of - 10 
to 0 to 10 mmHg pressure difference, accurate to 
within 0.5% of reading after zeroing. Noise and stabi- 
lity levels should permit resolution to one part in 
20,000 of full scale using a 1/2 second integration 
interval. A variable reluctance differential transducer 
suitable for the purpose is Model DP-290-10, man- 
ufactured by Validyne, Incorporated. 

Thus, it will be seen that the analyzer 10 includes 
a pair of basically identical dosing systems arranged 
in parallel, each consisting of a cavity or reservoir con- 
nected to a chamber by a flow control valve. One of 
the chambers contains the sample to be analyzed. 
The parallel systems have no gas flow connection 
while adsorption or desorption data are being 
measured, but are linked by differential pressure 
transducers, one of which measures the difference in 
pressure between the cavities, while the other meas- 
ures the difference in pressure between the cham- 
bers. In summary, the analyzer 10 operates by 
admitting gas from one cavity to one of the chambers 
as directed by the operator, and causing gas to be 
admitted from the other cavity to the other chamber in 
a quantity sufficient to essentially equalize the press- 
ures within the chambers. The differential pressure 
measurement between the cavities is then an indi- 
cation of the amount of gas adsorbed by th sample. 
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The process can be reversed to withdraw gas from the 
chambers to obtain desorption data. Although in the 
preferred embodiment being described, the sample 
chamber is dosed and the null chamber is equalized, 
the same data can be obtained by initially dosing the 
null chamber and equalizing the sample chamber. 

Although as noted the parallel systems are iso- 
lated during analysis, the analyzer 10 includes other 
elements for the purpose of evacuating the systems 
and filling them with one or more gases as required. 
A common line 50 extends between the line segments 
22b and 27b and provides a convenient vehicle for 
interconnection of such other elements. Gas may be 
supplied from a helium tank 52 to the line 50 through 
a valve 45, or from a nitrogen tank 53 through a valve 15 
46. Each of the valves 45 and 46 is protected by a 2-1 0 
micron frit 24 on the tank side of the valve. The valves 
45 and 46 may be non-heating magnetically latching 
solenoid valves of the type sold under the trademark 
Magnelatch by Skinner-Honeywell, or Clippard sol- 20 
enoid valves of the type which require only a low level 
of continuous power. Clippard valves are closed in a 
pow r-off state, and are operated only for a few sec- 
onds to perform the tasks of valves 45 and 46, so 
there is no significant time for heating of the apparatus 25 
to occur. A vacuum pump 54 is connected to the line 
50 through a Magnelatch valve 47. 

Th sample cavity 1 4 is connected to the common 
line 50 by a line 59 containing a Magnelatch valve 60. 
Similarly, the null cavity 16 is connected to the com- 30 
mon line 50 by a line 63 containing a Magnelatch 
valve 64. The valves 60 and 64 are operated simul- 
tan ously by the same current pulse provided by the 
control circuit to be described below. The common 
lin 50 also contains a sample evacuation/isolation 35 
valv 56 positioned adjacent to the line segment 22b, 
and a null-side evacuation/isolation valve 57 posi- 
tion d adjacent to the line segment 27b. The valves 
56 and 57 are of the Magnelatch type, and are oper- 
ated simultaneously by the same current pulse pro- 40 
vided by the control circuit. Simultaneous operation of 
the valve pairs as just described prevents the trans- 
ducers 17 and 40 from being subjected to large press- 
ure differences which might damage them. It will be 
understood that the branches of the line 50 to the 45 
vacuum pump 54 from the valves 56/57 can be joined 
near the valves rather than running separately to the 
pump as shown. 

An absolute pressure transducer 66 is connected 
to the line segment 22b by a line 67. The transducer so 
66 preferably has a full scale range of 0-1000 mmHg, 
is accurate to within 0.5% after zeroing, and has an 
internal volume not to exceed 1 .5 cm 3 . Noise and 
stability levels should permit resolution of 0.1 mmHg 
over a 1/2 second integration interval. 55 

A volume compensation adjustment used to 
balance the volumes of the sample and null sides is 
provided by a volume adjustment cylinder 70 contain- 



ing a variable position piston 72. The cylinder 70 is 
connected to the line segment 27b by a line 73, and 
can be adjustable either manually, such as using a 
screwdriver, or automatically under computer control. 
A procedure for manual balancing is described below. 

The temperature within the block 12 is monitored 
by a temperature sensor 75 positioned in the block 
adjacent to the cavities 14 and 16. This sensor is pref- 
erably a platinum resistance-temperature-detector 
(RTD), which can be configured to provide a highly 
accurate increase in resistance proportional to 
increase in the surrounding temperature. As des- 
cribed below, the signal from this sensor is used to 
provide temperature compensation for the output sig- 
nal of the cavity differential transducer 17. 

The sample and null tubes 20 and 25 are brought 
to the temperature at which adsorption of nitrogen 
occurs by immersing them in a Dewar 80 containing 
liquid nitrogen 81. To promote temperature uniformity, 
the tubes optionally may be fitted with sleeves of the 
type described in U.S. Patent No. 4,693, 124. A con- 
ventional elevator 84 is provided to raise and lower 
the Dewar 80 as required dig the analysis. 

Electronic Controller 

The apparatus shown in Fig. 1 may be operated 
by a computer controlled electronic circuit 1 00 shown 
in an overall block diagram in Fig. 2. The controller 
1 00 may be conventionally arranged with a plurality of 
printed circuit boards (PCB's) engaged in slots in a 
backplane PCB 102. The backplane carries neces- 
sary STD Bus and input/output signals required to 
interface between the other PCB's. A central proces- 
sing unit (CPU) card 105 is plugged into the back- 
plane, and is preferably a VersaLogic VL-188-1 card 
carrying an 80C188, 5 MHz programmable microp- 
rocessor. The card 105 also provides a conventional 
RS-232 interface 106 for exporting data to other 
devices. 

An adsorption/keypad/LCD PCB 108 is also 
plugged into the backplane. The PCB 108 receives 
input signals from a 16 key keypad 110 provided for 
operator entry of run conditions and numerical data, 
and provides output to a 2x20 character liquid crystal 
display (LCD) 112, which displays run time infor- 
mation, sample status, and analysis results. The PCB 
108 also receives a frequency signal from a voltage- 
to-frequency converter 117, representing a volume 
adsorbed signal from the cavity differential pressure 
transducer 17. After signal conditioning and tempera- 
ture compensation by a circuit 115, shown in detail in 
Fig. 4, th analog signal from the transducer 17 is 
transmitted along line 1 18 to the voltage-to-frequency 
converter 117, and may be displayed on the LCD 112. 
The PCB 1 08 preferably contains debouncing, decod- 
ing and latching circuits for the keypad 110, data driv- 
ers, control and counting of the voltage-to-frequency 
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convert r output and address decoding circuits. 

A valve driver/printer/beeper PCB 120 is also 
plugged into the backplane 1 02. Th PCB 120 is con- 
nected to a printer 121, a beeper 123 for sounding 
warning tones to the operator, and the Magnelatch s 
vaJves 47, 56/57, and 60/64. It carries current sinks 
and power down closure circuits for these valves, and 
a Centronics parallel printer port and status latch. 

A pressure/autozero/elevator PCB 125 is also 
plugged into the backplane 102. The PCB 125 10 
rec ives a frequency signal from a voltage-to-fre- 
quency converter 128, representing an absolute 
pressure signal from the absolute pressure trans- 
ducer 66. After signal conditioning by a circuit 127, 
also shown in Fig. 3, the analog signal from the trans- 15 
ducer 66 is transmitted to the voltage-to-frequency 
converter 128. and on to the PCB 125, where the sig- 
nal is controlled and counted. The PCB 125 also con- 
tains circuitry to drive the elevator 84 between two 
positions, up or down, and allow software to read its 20 
current state. This control signal is transmitted along 
a line 129 to an elevator motor (not shown) and via an 
associated elevator actuator circuit 130. Two limit 
switches (not shown) sense when the elevator is in 
the full up or full down position and remove power 25 
from the elevator motor when the limit switches are 
reach d. 

The PCB 125 also contains circuitry for initiating 
autozeroing of the chamber differential transducer 40 
by an autozero and signal conditioning circuit 137 30 
which receives the output of the transducer 40. The 
initiating signal is transmitted along line 132. The out- 
put f the circuit 137 is directed to a servo system cir- 
cuit 136 which drives the flow control valves 30 and 
35, and is shown in detail in Fig. 3. Other inputs to the 35 
servo system circuit 136 directly from the PCB 125 
include commands along line 134 to turn the servo 
system on or off and along line 135 to set the mode 
of th servo system to "up" (for adsorption) or "down" 
(for desorption). A valve driver PCB 140 is also 40 
plugged into the backplane 102, and carries circuitry 
for driving the Clippard valves 45 and 46. 

A target pressure PCB 142 is also plugged into 
the backplane 1 02. The PCB 142 carries a 1 6 bit digi- 
tal-to-analog converter for providing analog pressure 45 
set point signals along a line 143 to the servo system 
136. These signals are based on target pressure 
levels and run parameters from the operator via the 
software, for use in dosing the sample. 

Finally, a power supply PCB 144 is connected to so 
the backplane to provide power for the electronics. 
Power for the valves, transducers, and elevator is 
taken from the local power main 152 and passed 
through an EMI filtered, fused, multi-voltage select- 
able, IEC compatible CORCOM power entry module 55 
153, and a DC power supply module 154 supplying 
output voltages as required for the components, from 
-15 VDCto+24 VDC. 



The analog output of the conditioning circuit 115, 
representing volume of gas adsorbed, may also be 
d irected to the Y axis of an X-Y chart recorder 1 55 for 
plotting isotherms. The X axis input is the output of the 
absolute pressure transducer 66 via the conditioning 
circuit 127. 

The servo system controller circuit 136 is shown 
in more detail in Fig. 3. The conditioning circuit 127 
includes an amplifier which converts the 0-1000 
mmHg output signal of the absolute pressure trans- 
ducer 66 to 0-1 0 volts. This signal is transmitted along 
line 161 to the negative input of an operational 
amplifier 162 and to the positive input of an oper- 
ational amplifier 164. The remaining inputs of these 
two amplifiers 162 and 164 are connected to the set 
point pressure signal coming from the PCB 142 along 
line 143. The operational amplifier 162 is selected 
such that if during adsorption the target pressure is 
greater than the actual pressure, the difference is con- 
verted into a positive voltage along line 163. Con- 
versely, if during desorption the target pressure is less 
than the actual pressure, the difference is converted 
by the amplifier 164 into a positive voltage along line 
165. Both lines 163 and 165 are connected to a tran- 
sistor 1 70, which when activated causes an operating 
voltage to pass along a line 172 to a driving coil 173 
of the sample flow control valve 30. Opening of the 
valve 30 allows gas to pass into or out from the sample 
tube 20, depending on whether adsorption or desorp- 
tion is currently in progress. 

Similarly, operational amplifiers 175 and 177 are 
provided for driving the null-side flow control valve 35. 
The output of the chamber differential pressure trans- 
ducer 40 passes to the autozero and conditioning cir- 
cuit 137, which may be a commercially available 
circuit, for example Analog Devices chip No. AD7569. 
An amplifier within the conditioning circuit converts 
the - 10 to 10 mmHg output of the transducer 40 into 
a -0.5 to 10 volt signal. The circuit 137 also applies a 
correcting voltage to the output of the transducer 40 
if the output is not 0 under conditions of vacuum 
across both sides of the transducer 40. The correcting 
voltage is reset only via the software, described 
below, when vacuum has been drawn on both sides 
of the transducer. 

The corrected output from the transducer 40 is 
directed along a line 174 to the positive input of the 
amplifier 175 and to the negative input of the amplifier 
177. The other inputs of these amplifiers are groun- 
ded. The operational amplifier 175 is selected such 
that if during adsorption the differential pressure be- 
tween the chambers is greater than 0, that is, if the 
sample pressure is greater than the null-side press- 
ure, the difference is converted into a positive voltage 
along a line 176. Conversely, if during desorption the 
differential pressure between the chambers is less 
than 0, that is, if the null-side pressure is greater than 
the sampl pressure, the difference is convert d by 
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the amplifier 177 into a positive voltage along a line 
178. Both lines 176 and 178 are connected to a tran- 
sistor 1 80 to cause an operating voltage to pass along 
line 1 82 to a driving coil 1 83 of the null-side flow con- 
trol valve 35. Opening of the valve 35 allows gas to 
pass into or out from the null tube 25, depending on 
wheth r adsorption or desorption is currently in prog- 
ress. 

It will be apparent from the foregoing description 
that th signals relating to desorption (along lines 165 
and 178) should not be operative when adsorption is 
taking place, and conversely that the signals relating 
to adsorption (along lines 163 and 176) should be dis- 
abled during desorption. This is accomplished using 
comparators 185, 186, 190, and 191, which have 
open collector outputs. The outputs of comparators 
185 and 186 are connected to lines 165 and 178, re- 
spectively, and the negative inputs of comparators 
185 and 186 are connected to the servo up or down 
instruction signal on line 135 from the PCB 125. The 
positive inputs of comparators 185 and 186 are con- 
nected to a line 188 which is configured so that the 
comparators short the signals on lines 1 65 and 178 to 
ground when the servo instruction signal state is high 
(adsorption). 

Similarly, the outputs of comparators 190 and 191 
ar connected to lines 163 and 1 76, respectively, and 
the positive inputs of comparators 190 and 191 are 
connected to the servo up or down instruction signal 
n line 135 from the PCB 125. The negative inputs of 
comparators 190 and 191 are connected to the line 
188 which is configured so that the comparators short 
the signals on lines 163 and 176 to ground when the 
servo instruction signal state is low (desorption). 

A similar arrangement is utilized to turn the entire 
servo system on or off. The on/off signal along line 
134 from PCB 125 is fed to the negative inputs of a 
pair of comparators 194 and 195. The output of the 
comparator 1 94 is con nected to lines 1 63 and 1 65 just 
prior to the transistor 1 70, and the output of the com- 
parator 195 is connected to lines 176 and 178 just 
prior to the transistor 180. The positive inputs to the 
comparators are connected to the line 188, so that 
when the signal on line 1 34 is high, all signals from the 
operational amplifiers 1 62, 1 64, 175 and 1 77 are shor- 
ted to ground. Conversely, when the signal on line 1 34 
is low, the servo system is operational. 

The circuit 136 also includes a maintenance 
switch 145 which can be used to establish momen- 
tarily a threshold valve-opening current in the coils 
1 73 and 183 prior to maintenance such as adjustment 
of the valves 30 and 35. 

Fig. 4 shows the conditioning circuit 115 
associated with the output of the cavity differential 
transducer 1 7. The output from th transducer 1 1 5 is 
pass d through a scaling or level shifting amplifier 
202, which is adjustable to convert the -50 to 1000 
mmHg transducer range to an output signal of 0-10 



volts. Since the temperature of the block 12 is not 
positively controlled to maintain a constant tempera- 
ture, the value of the pressure difference measured by 
the transducer 17 will go up with an increase in tem- 

5 perature and down with a decrease in temperature 
even though no change in the quantities of gas within 
the cavities has occured. 

The circuit 115 compensates for any changes in 
temperature, so that its output measures quantity 

10 independent of the actual pressure differential. The 
output of the amplifier 202 goes to the positive input 
of a gain amplifier 204 having a negative feedback 
loop 205. The amplifier 204 is selected such that at 
273.1 5°K, the gain is (1 x V), where V is the constant 

15 volume of the cavities. The temperature sensor 75 
described above is connected between the feedback 
loop 205 and ground. Thus, a scaling factor of 
(273.15/T,°K) is applied to the output of the amplifier 
204, compensating for any temperature change by 

20 lowering the gain of the amplifier if the temperature 
rises and raising the gain of the amplifier if the tem- 
perature drops. The coefficient and circuit should be 
designed so that the output remains the same within 
0.1%, despite temperature changes, over a tempera- 

25 ture range of 10°C to 35°C. 

Power is supplied to the transducer 17 as 
required from the power supply PCB 1 54, modified by 
a conventional transformer circuit 210. 

30 Sample Preparation 

Preparation of samples for analysis involves 
degassing techniques well known to those skilled in 
the art and therefore not shown in the drawing. Clean 

35 nitrogen, helium, argon, or other suitable gas as cho- 
sen by the user is flowed at atmospheric pressure and 
at rates up to 50 cm 3 per minute over the sample from 
a nozzle inserted into the opening of the sample tube 
20. At the same time, the sample 21 is heated by plac- 

40 ing the sample tube in a resistance heated mantle or 
block. Contaminants released at the elevated tem- 
perature are earned away by the dean gas flow, which 
also blankets the sample to prevent atmospheric 
exposure. Afer degassing, the sample tube is moved 

45 to a cooling zone while the blanketing clean gas flow 
continues. After cooling, the nozzle is withdrawn 
slowly and the sample tube is quickly plugged with a 
stopper and stored until needed for analysis. 

Alternately, the heated sample can be placed 

so under a vacuum to remove the desorbed contamin- 
ants, in a well-known manner. 

Operation and Control Logic 

55 The manner in which the analyzer 10 carries out 

analysis of a sample 21 will b described in connec- 
tion with flow charts shown in Figs. 5 - 9. It should be 
understood that the microprocessor described can be 
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programmed by those of ordinary skill in the art to per- 
form the functions represented by the flow charts. 

Prior to beginning a run, the operator may choose 
to balance the sample and null sides of the apparatus 
using the volume compensator cylinder 70, either 5 
without the sample and null tubes or with the tubes 
connected and the sample 21 present within the 
sample tube 20. tn the latter case, the volume 
occupied by the sample is accurately taken into 
account and no free space error will occur during the 10 
run. Alternately, stoppers may be placed in the con- 
nectors 23, so that the non-removable components 
below the valves 30 and 35 can be balanced for a 
longer term of use of the instrument. In this case, the 
sample volume may be ignored rf the sample has a is 
high surface area and high uptake of adsorbate, 
because the resulting error would be insignificant Or, 
if the sample has a small surface area, its volume can 
be calculated from its density, and inert material such 
as glass beads of equal volume can be placed into the 20 
null chamber 25. A degree of free space compens- 
ation calculated by software can be selected, as exp- 
lained below. 

The control circuit software assists the operator in 
conducting manual balancing of the sample and null 25 
sides using a routine outlined in the flow chart of Fig. 
5, ntitled "BALANCE SIDES." This routine is perfor- 
med only when requested by the operator. The first 
step is the execution of a subroutine shown in Fig. 7, 

ntitl d "Evacuate, Lower & Zero." In block 1 of Fig. 30 
7, all valves are closed including the flow control val- 
ves 30 and 35. Then the valve pair 60/64 and the 
vacuum pump valve 47 are opened to lower the press- 
ure in the cavities 14 and 16. After 15 seconds of 
vacuum pump operation, the system reads the 35 
sample pressure P provided by the absolute trans- 
ducer 66 and starts the servo system "down" (remov- 
ing gas from the chambers) with the initial set point 
pressure equal to the measured sample pressure. 
The pressure after 15 seconds would typically be 40 
down to about 50 mmHg. In block 4 of Fig. 7, a value 
labelled TIMEOUT is calculated as: 

((P - 30 Torr)/Evac. Rate) + 3 minutes 
where Evac. Rate is the rate of evacuation in Torr per 
second selected by the operator. Next the servo set 45 
point pressure is decreased every second by the 
selected Evac. Rate so that the servo system begins 
to open the sample flow control valve 30 to allow gas 
to flow from the sample tube 20 into the first cavity 14. 
The servo system automatically opens the null-side so 
flow control valve 35 so as to follow the effect of the 
operation of the sample flow control valve 30. The 
lowering of the set point pressure continues until the 
sample pressure is reduced to 30 Torr or until a tim 
equal to TIMEOUT elapses. The software checks for 55 
this occurrence in block 6 and displays and error mes- 
sage on the LCD display 112 if the answer is that 
TIMEOUT has elaps d. 



Assuming that the sample pressure is reduced to 
30 Torr through the flow control valves, the sample 
and null-side vacuum valve pair 56/57 is opened to 
allow more rapid further evacuation of the sample and 
null tubes, and the Dewar 80 is lowered with the 
vacuum pump still operational and connected to the 
chambers. In block 9, the system monitors the sample 
pressure until it reaches 5 Torr, or provides an error 
message if the test of block 10 finds that 3 minutes 
have elapsed. If 5 Torr is reached, the system reads 
the sample pressure every 30 seconds until the differ- 
ence in successive readings is less than 0.1 Torr. 
Then the vacuum pump continues to operate for an 
operator selected further evacuation time. In block 14, 
the valves 47 and 60/64 are closed, and the servo sys- 
tem is turned off with the flow control valves closed. 

Under the now existing vacuum conditions, the 
current sample pressure is stored as a zero offset for 
the absolute pressure transducer 66, and the autoz- 
ero circuit 137 is actuated to provide a correcting sig- 
nal for the output of the chamber differential pressure 
transducer 40, to be used during sample runs. Finally, 
valves 56/57 are closed and the subroutine of Fig. 7 
ends. 

Returning to the "BALANCE SIDES" routine of 
Fig. 5, block 2 confirms that all valves are closed. 
Then valves 60/64 and 45 are opened to charge the 
cavities with helium for 5 seconds, after which the 
valve 45 is closed. After another 5 seconds to assure 
thermal equilibrium, the valves 60/64 are closed. 
Equal pressure of helium is now present in both cavi- 
ties 14 and 16 and at both sides of the cavity differen- 
tial transducer 1 7. After another 5 seconds, the output 
of the transducer 17 is read and stored as a zero offset 
for this transducer, which represents volume adsor- 
bed during a sample run. 

In block 7 of Fig. 5, a raise Dewar command is 
given to operate the Dewar motor for 15 seconds or 
until the upper limit switch is reached by the elevator 
84. This immerses the sample and null tubes 20 and 
25 in liquid nitrogen 81 . Then the servo system is star- 
ted in the "up" mode toward a set point pressure of 
600 Torr to begin introducing helium into the tubes. In 
block 10. the sample pressure and pressure differen- 
tial output of the transducer 17 (volume adsorbed sig- 
nal) are read and displayed every second for the 
information of the operator, who is prompted by the 
LCD display to make a manual adjustment to the 
volume compensator 70. Since the flow control valves 
30 and 35 maintain equal pressure on both sides 
below such valves, any difference in volume will result 
in a pressure differential between the cavities 14 and 
16, giving rise to a volume adsorbed signal. If the 
volume adsorbed signal is reading positive, the 
operator should adjust the volume compensator pis- 
ton 72 outwardly to increase the size of the null side 
until the volume adsorbed signal falls to or below 0. If 
the volume adsorbed signal is reading negativ , the 
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operator should adjust the volume compensator pis- 
ton 72 inwardly to decrease the size of the null side. 

Then the operator should depress the "Enter" key 
on th keypad 110, which will cause the set point 
pressure to be increased by 50 Torr (block 14) unless 
the set point pressure setting has reached 900 Torr 
(block 13). The operator is again prompted to adjust 
the volume under the new conditions. For most accu- 
rate balancing of the volumes, the operator should set 
up a positive volume adsorbed signal so that the final 
adjustment involves moving the piston 72 out of the 
cylinder 70. When balance is obtained to the 
operator's satisfaction, the "Escape" key is depressed 
to end the balancing routine by running a "Lower & 
Backfill" subroutine, described below in connection 
with Fig. 9. It should be understood that the balancing 
procedure just described can be done under manual 
control of the instrument rather than in a computer- 
assisted mode. 

Isolation of the cavities 14 and 16 from the cham- 
bers 20 and 25, respectively, by the valves 30 and 35, 
permits balancing of the volumes of the chambers 
with the sample present in the sample chamber. Such 
a procedure eliminates any effect of the sample free 
space as well as most of the effect of the non-ideal 
b havior of the adsorbate gas. 

As an alternative to balancing the volumes of the 
chambers, the degree of unbalance may be noted and 
mathematically accounted for in an automatic fashion 
by th control circuit software, to eliminate the 
associated error in volumes of gas adsorbed. Both the 
lin ar component of error in pressure and the non-li- 
near component caused by non-ideal gas behavior in 
the unbalance volume may thus be corrected. The 
logic routine for such automatic correction is as fol- 
lows: 

Fr e space differential compensation is accom- 
plished in two steps. First, the free space correction, 
Cf(cc STP/mmHg) is determined. Second, the correc- 
tion is applied to quantities adsorbed dig analysis. 

Th free space correction Cf (cc STP/mmHg) is 
determined in one of two ways, either by measure- 
ment or calculation. To measure Cf, evacuate the 
sample and balance ports, charge the reservoirs with 
helium and dose to 760 mmHg. Measure the gas 
quantity differential, V h (cc STP), and the absolute 
sample pressure, Ph (mmHg). Record the free space 
correction: 

To calculate C f , measure the free space correc- 
tion as above, except using an empty sample tube of 
the same volume as that to be used during subse- 
quent sample analyses. Calculate and record the sys- 
tem volume correction (cc STP): 

= 760 mmHgxVh/Ph 
Calculate the sample volume (cc) from indepen- 
dently det rmined sample weight (g) and 
sampl density (g/cc): 



Calculate the quantity of gas displaced by the sample 
at liquid nitrogen temperature and standard pressure: 
= V sam x273.13 K/77.15 K 

5 Calculate the free space correction due to both the 
system volume correction and the gas displaced by 
the sample in cc STP/mmHg: 

Cf = (V sy3 . V gas )/760 mmHg 
The second step is to apply the free space correc- 

10 tion to quantities adsorbed. Measure the uncorrected 
quantity adsorber (cc STP) and the pressure at 
which this quantity is adsorbed P ads (mmHg). Use an 
independently determined absorbate nonideality cor- 
rection C„ (% / atm) and the free space correction Cf 

15 (cc STP / mmHg) to calculate the adsorbate quantity 
correction V OT (cc STP) for this point: 

Vco, = CfXPadsXO + (PadsXC n )/(100 % X 760 

mmHg/atm)) 

Apply the correction to the uncorrected quantity 
20 adsorbed to obtain the corrected quantity adsorbed 
V^ccSTP): 

V ads = V^-Vco,. 
The weight and density of the sample, and the 
nonideality correction, may be entered using the 

25 keypad 110 and stored for use by the CPU 105. 

The routine for determining adsorption or desorp- 
tion data for a sample is shown in Fig. 6, entitled 
"Analysis." First, the operator must attach a sample 
tube containing the sample 21 to be analyzed, and 

30 input several user-selected values, including (1 ) limits 
of the desired relative pressure range for the analysis, 
(2) the number of data points to record, (3) the mode 
of analysis - scanning or equilibrated steps, (4) an 
equilibration time constant in seconds between read- 

35 ings or analysis scan time in hours per analysis, (5) a 
pumpdown time at vacuum - Evac. Time, (6) the step 
down Evac. Rate in pressure/second or 
mmHg/minute for initial evacuation in blocks 4 and 5 
of Fig. 7, (7) whether or not to utilize the software free 

40 space correction, (8) saturation pressure for the 
adsorbate, (9) identification and characteristics of the 
sample, and ( 10) requested data manipulation and 
report formats. As will be apparent, the target relative 
pressures for a stepped dose analysis can be calcu- 

45 lated from (1) and (2) above. Also, the scan rate can 
be calculated by multiplying the highest relative 
pressure times the saturation pressure and dividing 
the product by the scan time. 

In block 2 of Fig. 6, it is determined whether the 

50 operator wants the computer to generate and use a 
free space correction function using helium to meas- 
ure any residual unbalance between the sides result- 
ing from variations between sample tubes or the 
volume of the sample. A correction as a function of 

55 pressure is generated to be applied to the nitrogen 
volume adsorbed data. The first step toward generat- 
ing this function is to run the "Evacuate, Lower & Zero" 
subroutin of Fig. 7. Then in blocks 4-8 of Fig. 6, the 

11 
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cavities 14 and 16 are filled with helium and a fresh 
zero offset for the volume adsorbed transducer 17 is 
determined in the manner described in connection 
with blocks 2-6 of Fig. 5. 

Next, the "Dose & Equilibrate" subroutine of Fig. 5 
8 is carried out to admit helium to the chambers 20 
and 25 in similar manner to that by which nitrogen 
would be dosed during a run. All valves are dosed, 
and the servo system is started in the "up" mode with 
the set point pressure set to the operator's initial target 10 
pressure. The circuit shown in Fig. 3 utilizes the output 
of the absolute pressure transducer 66 and of the dif- 
ferential transducer 40 to bring both chambers to the 
initial target pressure. If such pressure has not been 
r ached within 3 minutes, a dosing error message is 15 
displayed. If the initial target pressure is reached, the 
system reads the volume adsorbed output of the dif- 
ferential pressure transducer 17 at intervals equal to 
the equilibration time constant specified by the 
operator. The CPU computes an 11 -point Savitsky- 20 
Golay smoothed value of the volume adsorbed, and 
also the first derivative of the smoothed volume value. 
Then the system waits until the quotient of the deriva- 
tive divided by the smoothed volume adsorbed is less 
than or equal to 0.0001 . The smoothed volume adsor- 25 
bed value meeting this criterion, and the current 
sample chamber pressure, are recorded for the first 
relativ pressure. 

In block 1 1 of Fig. 6, the above dosing and equilib- 
rium process is repeated for the last of the operator's 30 
target pressures. The two data points for "volume 
adsorbed" using helium define a straight line correc- 
tion function giving an amount to be subtracted from 
the volume adsorbed reading for each pressure at 
which data may be taken. Alternately, the two points 35 
for computing the line may be a single measurement 
at 760 mmHg and zero correction at zero pressure. 
Th function is stored and the subtraction is done 
automatically by the system during actual runs. If des- 
ired, a non-ideal gas behavior correction may also be 40 
applied to the data at this point 

After the free space correction function is deter- 
mined, or if it is not requested, the "Evacuate, Lower 
& Zero" of Fig. 7 subroutine is executed. This removes 
the helium from the system and the system is now 45 
ready for an actual sample run. With all valves initially 
closed, the valves 60/64 and nitrogen valve 46 are 
opened to fill the cavities 1 4 and 1 6 with nitrogen from 
the tank 53. After 1 5 seconds, the valve 46 is closed, 
and after another 5 seconds, the valves 60/64 are so 
clos d. 

In block 20 of Fig. 6, the Dewar is raised to lower 
the sample and null tubes to adsorption temperature. 
The CPU computes an 11-point Savitsky-Golay 
smoothed value and first derivative of the output of the 55 
transducer 17. The system waits unitl the quoti nt of 
the derivative divided by the smoothed value is less 
than or equal to 0.0001 . Then th output of the trans- 



ducer 1 7 is measured and used as a zero offset for the 
volume adsorbed signal as described above. Then 
the system calculates the interval between relative 
pressures at which data will be taken, and determines 
whether the analysis will be done in a scan mode or 
in a discrete point mode. If the latter has been selec- 
ted, the data point locations in terms of absolute 
pressures to be measured by the transducer 66 are 
calculated. Then the "Dose & Equilibrate" subroutine 
of Fig. 8 is executed to obtain a pressure and volume 
adsorbed data point for the first target pressure. If the 
last target pressure has not been reached, the next 
target pressure is calculated and the "Dose & Equili- 
brate" subroutine is executed for the new target press- 
ure. When all the requested data has been obtained, 
the "Lower & Backfill" subroutine of Fig. 9 is executed 
to terminate the analysis and bring the analyzer 10 to 
a safe holding status pending the next run. 

Referring now to Fig. 9, in block 1 the servo sys- 
tem is stopped by changing the state of the signal on 
the line 134 from low to high. All valves are closed and 
the Dewar is lowered, which causes the adsorbed nit- 
rogen on the sample 21 to begin to desorb. If the 
sample pressure does not reach 760 mmHg within 15 
seconds, the servo system is turned on with a set 
pressure of 760 mmHg. When this set point pressure 
is reached or exceeded, or after 30 seconds, the 
servo system is stopped in block 6, and valves 60/64 
and vacuum valve 47 are opened. The servo system 
is turned on again in the down mode with a set point 
pressure of 780 mmHg. When this target has been 
reached and maintained for 30 seconds, the servo 
system is left on and the analyzer pressures are kept 
at safe levels for awaiting the next run. If, in block 3 
of Fig. 9, the sample pressure is 760 mmHg or grea- 
ter, the routine skips to block 6 and proceeds as des- 
cribed above. 

If the scanning mode of dosing has been selec- 
ted, the system waits for one minute to establish ther- 
mal equilibrium, and calculates the scan rate. In order 
to provide target pressures for data acquisition, the 
data point locations are calculated as for the discrete 
point mode. Then the servo system is operated "up" 
from zero pressure at the scan rate to the first servo 
set point The pressure and volume adsorbed are 
recorded for the target pressures indicated by the 
operator, not necessarily at each servo set point The 
lowest relative pressure for data acquisition may be 
zero, but need not be. One second after the pressure 
reaches the first servo set point, the servo set point is 
advanced by a pressure internal corresponding to the 
scan rate, and this is repeated until the scan has 
reached the last target pressur . If more than 3 
minutes pass in attempting to come within 5 mmHg of 
any target pressure, an error message is displayed. 
The run is terminated as described above. 

The computer can manipulate the digital data and 
present its calculations r garding surface area and 
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pore volume in tabular or graphic form in a conven- 
tional manner. In addition to digital data acquisition as 
described, the analog output of the volume adsorbed 
differential transducer 17, via the conditioning circuit 
1 15, can be connected to the chart recorder 155. The 
analog output of the absolute pressure transducer 66 
can be converted to relative pressure and also con- 
nected to the chart recorder 155. This results in plot- 
ting the adsorption isotherm in real time. 

It should be noted that the servo system will work 
equally well to remove gas from the sample and null 
chambers during desorption. Once saturation of the 
sample has occurred, the cavities 14 and 16 can be 
lowered in pressure so that opening the sample flow 
control valve 30 permits gas desorbed from the 
sample to flow into the sample cavity 14. The feed- 
back circuit of Fig. 3 senses the inequality between 
the chambers, and opens the null-side flow control 
valve 35 to allow flow into the null-side cavity 16 until 
the pressure equalizes. Desorption can proceed 
under computer control similar to the manner des- 
cribed above in connection with adsorption, and a real 
tim d sorption isotherm can be plotted. 

It will thus be seen that an analyzer embodying 
the present invention uses differential pressure trans- 
ducers to obtain highly accurate adsorption or desorp- 
tion data, and can eliminate the effect of sample 
vol urn , non-ideal gas behavior, and temperature 
changes of connecting passageways resulting from 
th vaporation of sample chamber coolant 

While this invention has been described in detail 
with particular reference to preferred embodiments 
thereof, it will be understood that variations and mod- 
ifications can be effected within the spirit and scope 
of th invention as described hereinbefore and as 
defin d in the appended claims. 



Claims 

1. An apparatus for obtaining adsorption data, 
characterized by: 

means 12 for defining a first cavity 14 and 
a second cavity 16; 

means 53 for filling said first cavity and 
said second cavity with an adsorbing gas to the 
same pressure, the temperature in said first 
cavity being essentially equal to the temperature 
in said second cavity; 

means 30 for admitting said gas from said 
first cavity into a first chamber 20 and means 35 
for admitting said gas from said second cavity into 
a second chamber 25; 

one of said first and second chambers 20, 
25 being a sample chamber containing a sample 
capable of adsorbing said gas, the temperature in 
said first chamber being essentially equal to the 
temperature in said second chamber. 



means 40 for adjusting the amount of said 
gas admitted int said chambers until the press- 
ure difference between said chambers is essen- 
tially eliminated; and 
5 means 17 for measuring the pressure dif- 

ference between said first and second cavities. 

2. The method of Claim 1 , wherein said first and sec- 
ond cavities 14,16 have essentially equal 

10 volumes. 

3. The apparatus of Claim 1 , wherein said means 30 
for admitting said gas into said sample chamber 
20 comprises means for continuously admitting 

15 said gas at a low rate. 

4. The apparatus of Claim 3, wherein the one of said 
chambers not containing said sample is a null 
chamber 25, and wherein said means 35 for 

20 admitting said gas into said null chamber com- 

prises means 40 for monitoring the pressure dif- 
ference between said sample chamber and said 
null chamber and for admitting gas into said null 
chamber as required to maintain said pressure 

25 difference between said chambers at essentially 

zero. 

5. The apparatus of Claim 1 , wherein the one of said 
chambers not containing said sample is a null 

30 chamber 25, and further comprising: 

means 52 for filling said first and second 

cavities with a non-adsorbing gas to the the same 

pressure, prior to the filling of said cavities 14,16 

with adsorbing gas; 
35 means 30 for admitting a quantity of said 

non-adsorbing gas from said first cavity to said 

sample chamber 20; 

means 35 for admitting a quantity of said 

non-adsorbing gas from said second cavity to 
40 said null chamber until the pressure difference 

between said sample chamber and said null 

chamber is eliminated; and 

means 70,72 for adjusting the volume of 

said null chamber until there is no pressure differ- 
45 ence between said cavities. 

6. The apparatus of Claim 1 , wherein the one of said 
chambers not containing said sample is a null 
chamber 25, wherein said means for measuring 

so the pressure difference between said first and 

second cavities comprises a first differential 
pressure transducer 17 positioned between said 
cavities, and wherein said means for admitting 
said gas from said second cavity into said null 

55 chamber until the pressure difference between 

said sampl chamber and said null chamber is 
liminated includes a second differential press- 
ure transducer 40 positioned betw n said 

13 
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sample chamber and said null chamber. 

7. The apparatus of Claim 1 , wherein the one of said 
chambers not containing said sample is a null 
chamber 25, and further characterized by: 5 

a source 53 of adsorbing gas; 

fill valve means 46, 60,64 for admitting 
said adsorbing gas from said source into said 
cavities and for connecting or isolating said cavi- 
ties to or from one another, 10 

a sample conduit 22 connecting said first 
cavity 14 to said sample chamber 20, said sample 
conduit including a sample dosing valve 30; 

a null-side conduit 27 connecting said sec- 
ond cavity 1 6 to said null chamber, said null-side 15 
conduit including a null-side dosing valve 35; 

said sample and null chambers being 
selectively positionable in a liquid bath 81 at a 
temperature at which adsorption of said gas 
occurs; 20 

a first differential pressure transducer 17 
positioned to measure the difference in pressure 
between said first and second cavities; 

a second differential pressure transducer 
40 positioned to measure the difference in press- 25 
ure between said sample chamber and said null 
chamber, 

an absolute pressure transducer 66 posi- 
tioned to measure the pressure in said sample 
chamber, and means 54 for evacuating said 30 
apparatus. 

8. The apparatus of Claim 7, further characterized 
by: 

control means 1 00 for 35 

operating said evacuating means 54 
to vacuate said apparatus; 

operating said fill valve means 
46,60,64 to fill said first and second cavities 14,16 
with said adsorbing gas to the same pressure and 40 
then to isolate said cavities from one another, 

operating said sample dosing valve 
30 to admit said gas into said sample chamber 20; 

operating said null-side dosing valve 
35 to admit said gas into said null chamber 25 45 
until the output of said second differential press- 
ure transducer 40 is essentially zero; and 

reading the output of said first diffe- 
rential pressure transducer 17. 

50 

9. The apparatus of Claim 8, wherein said control 
means 100 operates said sample dosing valve 30 
so as to admit said gas from said first cavity 14 
into said sample chamber 20 until the pressure 
within said sample chamber reaches a target 55 
pressure, and operates said null-side dosing 
valve 35 so as t admit said gas from said second 
cavity 16 into said null chamber 25 as required to 

14 



maintain the output of said second differential 
pressure transducer 40 at essentially zero. 

10. The apparatus of Claim 8, wherein said control 
means 1 00 includes means for determining a free 
space correction factor C, based on the volume of 
the sample to be analyzed and on the difference 
between the volume of sample and null cham- 
bers, 20,25 and for calculating an adsorbate 
quantity correction factor to be subtracted 
from a measured quantity of gas adsorbed as fol- 
lows: 

Vcor = CfXPa^l + (P a <teXC n )/(100 % X 760 

mmHg/atm)) 
where Cf is the difference in volume remaining in 
said cavities per unit of absolute pressure, P^ is 
the pressure at which adsorption occurred, and 
C n is an adsorbate nonideality correction factor. 

11. The apparatus of Claim 8, wherein said control 
means 1 00 includes means for determining a free 
space correction to be applied to a measured 
quantity of gas adsorbed by the sample, by 
operating said sample dosing valve 30 and said 
null-side dosing valve 35 to admit a non-adsorb- 
ing gas from said cavities 14, 16 into said sample 
and null chambers 20,25 to a predetermined 
pressure, determining the difference in volume 
remaining in said cavities per unit of absolute 
pressure, and calculating an adsorbate quantity 
correction factor to be subtracted from a 
measured quantity of gas adsorbed as follows: 

= CfXP^xO + <P a<te xC n )/(100 % x 760 
mmHg/atm) 

where Cf is the difference in volume remaining in 
said cavities per unit of absolute pressure, P^ is 
the pressure at which adsorption occurred, and 
C n is an adsorbate nonideality correction factor. 

12. The apparatus of Claim 8, wherein said control 
means 100 includes means for determining a free 
space correction to be applied to a measured 
quantity of gas adsorbed by the sample, by 
operating said sample dosing valve 30 and said 
null-side dosing valve 35 to admit a non-adsorb- 
ing gas from said cavities 14,16 into an empty 
sample chamber 20 and into said null chamber 25 
to a predetermined pressure, determining the de- 
ference in volume remaining in said cavities per 
unit of absolute pressure, determining a system 
volume at STP based on said volume difference, 
determining the sample volume from its known 
density and weight determining the quantity of 
gas displaced by the sample at adsorption t m- 
perature and standard pressure, calculating a 
free space correction factor equal to the differ- 

nce between the system volume and the gas dis- 
placed by th sample in cc STP/mmHg, and 
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calculating an adsorbate quantity correction fac- 
tor Vcof to be subtracted from a measured quantity 
of gas adsorbed as follows: 

Vco, = CtxPa^O + (PadsxC n y<100 % x 760 
mmHg/atm)) 
where C f is the free space correction factor, P^ 
is the pressure at which adsorption occurred, and 
C n is an adsorbate non ideality correction factor. 

13. The apparatus of Claim 8, further characterized 
by: 

a source of non-adsorbing gas 52; and 
means 70,72 for altering the volume of 
said null chamber 25; and 

wherein said control means 100 is opera- 
tive, prior to filling said cavities 14,16 with said 
adsorbing gas, to fill said cavities with said non- 
adsorbing gas to the same pressure, to isolate 
said cavities from one another, to permit said non- 
adsorbing gas to expand into said sample cham- 
ber 20 from said first cavity and into said null 
chamber from said second cavity 1 6 to essentially 
equalizze the pressure in said chambers, such 
that said means for altering the volume of said null 
chamber may be operated until the output of said 
first differential pressure transducer 17 is essen- 
tially zero. 

14. A method for obtaining adsorption data, charac- 
terized by the steps of: 

filling a first cavity 14 and a second cavity 
16 with an adsorbing gas to the same pressure, 
the temperature in said first cavity being essen- 
tially equal to the temperature in said second ca- 
vity; 

admitting said gas from said first cavity into 
a first chamber 20; 

admitting said gas from said second cavity 
into a second chamber 25; 

one of said first and second chambers 
being a sample chamber containing a sample 
capable of adsorbing said gas, and the tempera- 
ture in said first chamber being essentially equal 
to the temperature in said second chamber. 

adjusting the amount of said gas admitted 
into said chambers until the pressure difference 
between said chambers is essentially elimiated; 
and 

measuring the pressure difference be- 
tween said first and second cavities. 

15. The method of Claim 14, wherein said step of 
admitting said gas from said first cavity 14 into 
said sample chamber 20 comprises ess ntially 
continuously admitting said gas at a low rate. 

16. Th method of Claim 14, wherein said chamber 
not containing said sampl is a null chamb r 25, 



and wherein said st p of admitting said gas from 
said second cavity 16 into said null chamber com- 
prises monitoring the pressur difference be- 
tween said sample chamber 20 and said null 
5 chamber and admitting gas from said second 

cavity into said null chamber as required to main- 
tain said pressure difference between said 
sample chamber and said null chamber at zero. 

10 17. The method of Claim 14, wherein said chamber 
not containing said sample is a null chamber 25, 
and further characterized by the steps of: 

continuing to admit said gas into said 
sample chamber 20 from said first cavity 14 until 
15 said sample is essentially saturated; 

isolating and evacuating said first and sec- 
ond cavities 14,16; 

admitting desorbed gas from said sample 
chamber into said first cavity; 
20 admitting gas from said null chamber into 

said second cavity until the pressure difference 
between said sample chamber and said null 
chamber is eliminated; and 

measuring the pressure difference be- 
25 tween said first and second cavities. 

18. The method of Claim 17, wherein said step of 
admitting said gas from said sample chamber 20 
into said first cavity 14 comprises continuously 

30 admitting said gas at a low rate, and wherein said 

step of admitting said gas from said null chamber 
25 into said second cavity 16 comprises monitor- 
ing the pressure difference between said sample 
chamber and said null chamber and admitting gas 

35 from said null chamber into said second cavity as 

required to maintain said pressure difference be- 
tween said sample chamber and said null cham- 
ber at essentially zero. 

40 19. The method of Claim 14, wherein said chamber 
not containing said sample is a null chamber 25, 
and further comprising, prior to said step of filling 
said cavities 14,16 with an adsorbing gas, the 
steps of. 

45 filling said first and second cavities with a 

non-adsorbing gas to the same pressure; 

admitting a quantity of said non-adsorbing 
gas from said first cavity 14 to said sample cham- 
ber 20 and then from said second cavity 1 6 to said 

so null chamber 25 until the pressure difference be- 

tween said sample chamber and said null cham- 
ber is eliminated; and 

adjusting the volume of said null chamber 
until there is no pressure difference between said 

55 cavities. 

20. The method of Claim 14, wherein said chamb r 
not containing said sample is a null chamber 25, 
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and further characterized by the steps of: 

determining a free space correction factor 
Cff based on the volume of the sample to be 
analyzed and on the difference between the 
sample and null chambers 20,25; and 5 

calculating an adsorbate quantity correc- 
tion factor Vcor as follows: 

Vco, = C,xP 8ds x(1 + (PadsXCMlOO % X 760 

mmHg/atm) 

where C f is the difference in volume remaining in 10 
said cavities 14,16 per unit of absolute pressure, 
Pads is the pressure at which adsorption occurred, 
and C n is an adsorbate no n ideality correction fac- 
tor, and 

subtracting said adsorbate quantity cor- 15 
rection factor V Mr from a measured quantity of 
gas adsorbed. 

21. The apparatus of Claim 14, wherein said chamber 

not containing said sample is a null chamber 25, 20 
and further characterized by the steps of: 

determining a free space correction to be 
applied to a measured quantity of gas adsorbed 
by the sample, by operating said sample dosing 
valve 30 and said null-side dosing valve 35 to 25 
admit a non-adsorbing gas from said cavities 
14,16 into said sample and null chambers 20,25 
to a predetermined pressure, determining the dif- 
ference in volume remaining in said cavities per 
unit of absolute pressure, and calculating an 30 
adsorbate quantity correction factor to be 
subtracted from a measured quantity of gas 
adsorbed as follows: 

Vcor = CfXP^xO + PadsXC„)/(100 % X 760 

mmHg/atm)) 35 
where Cf is the difference in volume remaining in 
said cavities per unit of absolute pressure, P^ is 
the pressure at which adsorption occurred, and 
C n is an adsorbate nonideality correction factor. 

40 

22. The apparatus of Claim 14, wherein said chamber 
not containing said sample is a null chamber 25, 
and further characterized by the steps of: 

determining a free space correction to be 
applied to a measured quantity of gas adsorbed 45 
by the sample, by operating said sample dosing 
valve 30 and said null-side dosing valve 35 to 
admit a non-adsorbing gas from said cavities 
14,16 into an empty sample chamber 20 and into 
said null chamber 25 to a predetermined press- 50 
ure, determining the difference in volume remain- 
ing in said cavities per unit of absolute pressure, 
determining a system volume at STP based on 
said volume difference, d termining the sampl 
volume from its known density and weight, deter- 55 
mining the quantity of gas displaced by the 
sample at adsorption temperature and standard 
pressur , calculating a fre space correction fac- 



tor equal to th difference between the system 
volume and the gas displaced by th sample in cc 
STP/mmHg, and calculating an adsorbate quan- 
tity correction factor V w to be subtracted from a 
measured quantity of gas adsorbed as follows: 
V TOr = CfXP^xO + (P ads xC n )/(100 % x 760 
mmHg/atm)) 
where Cf is the free space correction factor, P^ s 
is the pressure at which adsorption occurred, and 
C n is an adsorbate nonideality correction factor. 
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